Abstract
INTRODUCTION
Non-small-cell lung cancer (NSCLC) accounts for 85% of all lung cancer cases in the USA. Although subgroups of patients with NSCLC have benefitted from targeted therapies against specific tumour mutations [1], the 5-year overall survival (OS) rate remains poor at 21% [2] . To better estimate patient outcomes, many prognostic factors and models have been established in NSCLC, such as tumour stage, patient age, gender, smoking status, smoking cessation, performance status (PS), tumour grade, histology and treatment type [3] [4] [5] . The identification of novel prognostic factors and the integration of all the prognostic factors into a model will enable better risk stratification for patients with NSCLC.
Statistical prediction models have been widely used for cancer outcome predictions. Among those models, nomograms are graphical interfaces for statistical models utilizing combined prognostic factors to precisely predict the outcome for a given patient. The estimation of individualized survival among cancer patients could be helpful for clinicians in making treatment decisions and choosing appropriate therapeutic approaches. Hoang et al. [6] reported the first NSCLC nomogram, based on 1436 patients, which could only be used for Stage IV patients who were treated with first-line chemotherapy. In that model, several known prognostic factors, such as age, gender, smoking status and smoking cessation, were not included.
Concurrent inflammation with cancer is a critical component in cancer progression [7] . The peripheral blood markers such as neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio have been identified as prognostic and predictive biomarkers in many types of cancers including NSCLC [8] [9] [10] . However, these studies included a limited number of cases and were mainly focused on the prognostic relevance of pretreatment NLR. To our knowledge, the prognostic values of monocytes, NLR at follow-up and NLR changes after treatment or progression have not yet been assessed in NSCLC.
Therefore, we sought to develop a prognostic nomogram that incorporates pretreatment peripheral blood markers and known pathoclinical predictors. We also investigated the prognostic relevance of peripheral blood markers at pretreatment in NSCLC.
MATERIALS AND METHODS

Study cohort and data collection
Starting from 1997, all patients with pathological results of primary lung cancer evaluated and managed at Mayo Clinic, Rochester, Minnesota, MN, USA, were prospectively enrolled and followed up for clinical outcome research. The protocols for recruitment were approved by the Mayo Clinic Institutional Review Board (IRB number: 225-99), and written informed consent was obtained from all participants included in the analysis. Detailed procedures of patient enrolment, diagnosis, data collection and follow-up have been described in our previous publications [11, 12] . The type of treatment followed in this study conforms to the NCCN guidelines. Between 1 January 1997 and 31 December 2012, a total of 11 702 patients with a pathologically confirmed diagnosis of NSCLC were enrolled. Complete blood count records (186 561 records) of all included patients were retrieved from 1992 to 2013. A total of 7158 NSCLC cases met our inclusion criteria because these patients had a complete blood count with leucocyte differential count performed before any treatment. Patients with leukaemia or lymphoma were excluded. As described in our previous study [12] , a full medical record abstraction of each patient was conducted to obtain information on basic demographics, tobacco exposure history, pathological type, clinical staging and treatment strategy. All patients were actively followed up. Annual verification of patients' status was completed through the Mayo Clinic's electronic medical records and registration database, death certificates, next-of-kin reports and obituary documents filed in the patients' medical records as well as through the Mayo Clinic Tumour Registry and Social Security Death Index website.
The peripheral blood markers were evaluated before treatment. Patients were divided into equal quartiles according to the 25th, 50th and 75th NLR, monocytes and haemoglobin percentile at baseline. For several laboratory values (NLR, monocytes and haemoglobin level), natural log transformations of continuous variables were performed to reduce their distribution skewness as described in our previous study [12] .
Statistical analysis
Computer-generated random numbers were used to assign 4772 (66.7%) patients as a training cohort and 2386 (33.3%) patients as a validation cohort.
As described in previous studies [11] [12] [13] , we used univariate and multicovariate Cox proportional hazards models to evaluate the effect of prognostic factors, including pretreatment haematological markers (continuous variables) and clinicopathological factors in the training cohort. Cox proportional hazards models estimated the effects of multiple factors for a nomogram, and among these, only the factors with a P-value <0.05 were incorporated into the nomogram. Continuous variables (i.e. age, NLR, monocytes and haemoglobin level) were fitted using restricted cubic splines to obtain flexible fit and permit non-linear relationships. A nomogram was developed to predict median survival and 1-, 3-, 5-and 10-year OS.
In the validation cohort, the performance of the nomogram was assessed by the concordance index (C-index) and calibration curve. The predictive accuracy for OS was estimated using the C-index for validation. As described in previous studies [11] [12] [13] , the larger the C-index is, the more accurate the prognostic prediction will be. Five hundred bootstrap resamples were applied for validation of the accuracy estimates and to reduce overfit bias. Calibration refers to whether the predicted probabilities agree with the observed probabilities, which is generated by plotting the predicted survival probabilities against the observed outcome. In a well-calibrated model, the calibration curve should be close to 45 . As described in our previous study [12] , clinical data were reported as means ± standard deviation or median (full range). Cumulative survival was estimated with a Kaplan-Meier model and calculated using the time of diagnosis or progression as the starting point. Survival analyses, stratified by the NLR, monocytes and haemoglobin quartiles at baseline, were used to evaluate the predictive value of OS at pretreatment.
All statistical analyses were carried out with SAS 9.3 (SAS Institute Inc., Cary, NC, USA) and R version 3.0.2 (http://www. r-project.org/) using the rms and survival libraries. All P-values were 2-tailed, and a P-value <0.05 was considered significant.
RESULTS
Characteristics of patients
The demographics and clinical characteristics of the training and validation cohorts are listed in Table 1 . Of the total 7158 patients, 5437 (76%) deaths were recorded with a median follow-up time of 1.3 years (7 days-17.2 years). For the surviving patients, the median follow-up time was 8.3 years (1.2 months-17.2 years). The median age of patients at the time of diagnosis was 68 years (range 18-97 years).
Nomogram development in the training cohort
In the training cohort (n = 4772), the results of the univariate analysis are presented in Supplementary Material, Table S1. In the (Table 2 ). All the significant prognostic variables were used to build the nomogram (Fig. 1) . The nomogram assigned points based on age, NLR, haemoglobin level and monocytes in a continuous but non-linear fashion. Outcomes were reported as 1-, 3-, 5-, 10-year OS and median survival.
Nomogram validation in the validation cohort
In the validation cohort (n = 2386), the nomogram-predicted OS was well calibrated with the Kaplan-Meier curves observed at 1-, 3-, 5-and 10-year OS (Fig. 2) . The bootstrap C-index of the nomogram was 0.81.
A histogram of nomogram-predicted 5-year survival probabilities in all patients (n = 7158) is shown in Fig. 3 , which illustrates that patients with the same tumour, node and metastasis (TNM) stage have diverse survival rates.
Prognostic effect of neutrophil to lymphocyte ratio, monocytes and haemoglobin level in all patients
The Kaplan-Meier OS curves were plotted as 4 groups according to the 25th, 50th and 75th quartiles of the NLR, monocytes, and haemoglobin level at baseline (Supplementary Material, Fig. S1 ). Elevated monocytes at pretreatment were associated with poor prognosis (Supplementary Material, Fig. S1C , P < 0.0001). Elevated NLR (P < 0.0001) and low haemoglobin level (P < 0.0001) at pretreatment, post-treatment, progression and after 1-and 2-year diagnosis were all associated with poor prognosis (Supplementary Material, Figs S1A and B, S2 and S3).
DISCUSSION
We have developed and validated a nomogram that assigns predictions for OS based on the NLR, monocytes, haemoglobin level and other clinicopathological variables in a series of 7158 patients with NSCLC from a single institution. We hold the opinion that the nomogram provides individualized OS predictions and could be helpful for patients and clinicians in the treatment decisionmaking process. As described in our previous study [12] , a predictive nomogram model was developed using peripheral blood markers for survival risk stratification in small-cell lung cancer patients. In addition, the nomograms have a high potential of estimating risk in clinical trial design. Such an individualized prognosis could be used for stratification in randomized studies. NSCLC is very heterogeneous in its clinical presentation, histopathology, treatment response and disease prognosis. Patient prognosis is currently estimated on the basis of the seventh American Joint Committee on Cancer (AJCC) TNM staging system, not on other known prognostic factors such as age, gender, smoking status, smoking cessation, ECOG PS, histology, tumour grade, therapy and germ line and somatic markers. By integrating additional significant prognostic factors, a nomogram could be applied to more accurately estimate an individual patient's survival. Based on the statistical model, our nomogram allows for individualized survival probability estimation for NSCLC, which discriminates better than the seventh AJCC TNM staging system (Fig. 3) . Figure 3 shows the benefits of nomogram predictions: using the nomogram, patients within different AJCC TNM stages with heterogeneous prognosis are successfully discerned. In the Figure 1 : Nomogram for 1-, 3-, 5-or 10-year survival and median survival in non-small-cell lung cancer. The nomogram is used by adding up the points identified on the points scale for each variable. For instance, locate the patient's age and draw a line straight upward to the 'Points' axis to determine the score associated with that age. Repeat the process for other covariates of the patient, then sum the scores and locate this sum on the 'Total Points' axis. Draw a line straight down to the bottom scale to find the predicted probability. AC: adenocarcinoma; C: chemotherapy; ECOG: Eastern Cooperative Oncology Group; LC: large cell cancer; N: neoadjuvant therapy; NLR: neutrophil-lymphocyte ratio; NT: no treatment; Other: other non-small-cell lung cancer; R: radiation; S: surgery; SC: squamous cell cancer.
Stage Ib group, for example, the nomogram predicted probability of OS, spanning the gamut of 0.0-0.9. Similarly, increased heterogeneity exists within the Stage IIa group, with some Stage IIa patients having better estimated OS outcomes than some Stage Ib patients. Hoang et al. [6] reported the first NSCLC prognostic nomogram, based on 1436 patients, which could only be used for Stage IV patients treated with first-line chemotherapy. In that model, 6 factors were identified, which include subcutaneous metastasis, decreased PS, loss of appetite, liver metastasis, 4 metastatic sites and no previous lung surgery. However, some known prognostic factors, such as age, gender, smoking status, smoking cessation, histology and tumour grade were not included in the model. Liang et al. [13] reported a prognostic nomogram in patients with resected NSCLC using a multiinstitutional database. Compared with Liang et al.'s model, our nomogram further includes smoking status and smoking cessation [14] , tumour grade [15] , adjuvant therapy [16] and pretreatment blood markers [8, 17] , and our model is based on a 17-year prospectively enrolled cohort with a uniform medical record and routine follow-up information [18] .
In the training cohort, low haemoglobin level and elevated NLR and monocytes represent significant independent prognostic indicators in NSCLC (log e NLR: hazard ratio 1.41, 95% confidence interval 1.31-1.52, P < 0.0001; haemoglobin: hazard ratio 0.91, 95% confidence interval 0.89-0.93, P < 0.0001; and monocytes: hazard ratio 1.26, 95% confidence interval 1.12-1.41, P < 0.0001). Most of the previous studies used categorical variables of NLR, monocytes and haemoglobin in assessing the prognosis. However, in this study, we found that continuous variables of NLR, monocytes and haemoglobin are significant independent prognostic indicators (results not shown). When constructing a nomogram, we modelled NLR, monocytes and haemoglobin level as continuous variables, with restricted cubic splines to obtain a flexible fit, as their prognostic effects were not hypothesized to be the same in each part of the range.
In addition to NLR, monocytes and haemoglobin level, we identified that age, gender, smoking status, smoking cessation, ECOG PS, disease stage, tumour grade and therapy type were independent prognostic factors in NSCLC. These are consistent with previous reports [19, 20] .
In the validation cohort, the performance of the nomogram was assessed by calibration and discrimination. The C-index reflects the predictive accuracy of a nomogram. In this study, internal validation demonstrated good discrimination power (C-index = 0.81). The nomogram was well-calibrated for predictions of OS (Fig. 2) .
Elevated NLR [8-10, 17, 21] and monocytes [22] in the peripheral blood of cancer patients may reflect the extent of systemic inflammation elicited by the malignant cells, which have been identified as poor prognostic markers in many types of malignant tumours. However, these studies included a limited number of cases and solely focused on the prognostic relevance on pretreatment NLR. To our knowledge, the prognostic values of monocytes at baseline have not yet been elucidated. In our study, we identified that elevated monocytes, elevated NLR and low haemoglobin level before treatment were all associated with a poor prognosis.
As described in our previous study [12] , peripheral blood markers are valuable in evaluating lung cancer patients when primary tumours are not available for extensive analyses due to tumour non-resectability. Assessment of the peripheral blood markers is easier and more cost-effective than the conventional tumour markers, such as serum neuron-specific enolase and carcinoembryonic antigen in clinical practice. Peripheral blood markers were included to build the nomogram, which could be readily available for validation in any other clinical settings.
Limitations
There are several limitations to this study. This model is developed based on a specific population managed at a single tertiary medical centre. It is established and validated internally, and thus it lacks external validation with a larger number of patients at multiple institutions. Targeted therapy is not included in our analyses, as such agents were not used as first-line therapy in majority of the patients. Cancer-specific survival or disease-free survival may be better than OS, especially when majority of the patients had early-stage NSCLC. The nomogram could also be constructed using cancer-specific survival or disease-free survival as the end-point in a future effort with information on all causes of death. An online tool with a user-friendly interactive nomogram implicated electronically could be further developed in the future, which might be useful in saving time for the clinician and enabling patient self-assessment. Finally, some known prognostic factors, such as the level of lactate dehydrogenase, albumin, carcinoembryonic antigen, adenocarcinoma subtype and tumour molecular and pharmacogenomic markers, were not included in our model because of the unavailability of complete information in our database. The addition of these markers in future studies may improve the predictive ability of the nomogram.
CONCLUSION
In summary, we have constructed a nomogram to accurately predict individualized survival probability of NSCLC. These models could assist clinicians and patients in clinical decision-making, targeted treatment and clinical trial design. These results could also be used to define proper stratification factors in future clinical trials. We have also identified that elevated monocytes at baseline, elevated NLR and low haemoglobin level at baseline and follow-up are predictors for poor OS.
